Presence of hard seeds in seed lots reduces the seedling emergence percentage in field leading to non-uniform and lowered plant population and uneven maturity. 
Introduction
Green gram [Vigna radiata (L.) Wilczek] is a major pulse crop of India. India and Central Asia is the centre of origin of green gram, also known as mung bean, with chromosome number 2n=22 (Kang et al. 2014) . It is an excellent source of high quality protein with easy digestibility. Green gram, can be consumed as whole dal and sprouted in variety of ways. As value addition, split and dehusked, fried in oil/fat, adds good value as snacks. After harvesting the pods, green plants are fed to the cattle. The husk of the seed is also used as a cattle feed. The seeds contain 24-25% protein, 56% carbohydrate, 1.3% fat, 124 mg/100 g calcium, 326 mg/100 g phosphorus. Different types of seed dormancy are present in plant species. Legumes are mostly affected by physical dormancy often known as hardseededness (Souza et al. 2001) . It is characterised by impermeable seed coat due to the presence of phenolics and palisade cells having suberin layers. Hardseededness results in uneven germination, poor stand establishment, weed problems and also problems in proper cooking and digestion. However, it is seen that legume cultivars with semipermeable seed coat show more resistance to environmental conditions and are of superior quality (Souza et al. 2001) . Hardseededness is controlled by genetic (Todd-Bockarie et al. 1972; Rolston 1978; Khare and Singh 1984; Ladizinsky 1985) and environmental (Quinlivan 1968 (Quinlivan , 1971 Taylor and Palmer 1979; Egley 1989) factors. Impermeable testa or hardseededness is regarded as one of the leading causes of failure to seed germination in grain legumes. Previous studies summarized that the seed coat structure of soybean (Glycine max) is similar to that [Vol. 78, No. 3 of other legumes having a cuticle-covered outer macrosclereid layer underlaid by an osteosclereid layer. The impermeability of hard-seeded soybean seeds may involve the lack of pores, the phenolic layer and the cutin in the hilum region (Ma et al. 2004) and it is considered that the absence of pores in the epidermis is responsible for the seed hardness.
Among Phaseolus vulgaris genotypes, the seed coat is generally believed to be impermeable because of the waxy cuticle layer. Mung bean genotypes with higher percentage of hard seeds exhibit more resistance to field weathering. Seed size is negatively correlated with hardseededness in mung bean i.e., small seeded genotypes were resistant to field weathering (Marwanto 2007) . Imrie et al (1987) found that smaller sized seeds contained more number of hard seeds as compared to bigger sized seeds in mung bean. In black gram, Hooda and Singh (1991) found bigger sized seeds with relatively few hard seeds and similar results were observed in case of soybean by Khare et al. (1995) . Konak et al. (2002) stated that seeds with higher seed density show greater percentage of hardseededness in chick pea. To ensure optimum size of plant population in the field it is very important to know the amount of hard seeds in various cultivars of green gram so that corrective measures for overcoming this can be taken. In view of the above, a research programme has been undertaken with the objective to assess the variation for seed physical parameters with respect to hardseededness among mung bean genotypes and estimation of heritability of these physical parameters.
Materials and methods
Field experiments were conducted with 51 genotypes in the research field of the Division of Seed Science and Technology, Indian Agricultural Research Institute, New Delhi in kharif, 2015 , summer, 2016 and kharif, 2016 to study the variability for seed physical parameters with respect to hardseededness among mung bean genoytpes. Based on the frequency of hard seeds 20 genotypes having more than 22% hard seeds and 8 genotypes with less than 5% hard seeds were identified. These genotypes were studied for seed quality characteristics namely, hard seed percentage, seed size (length and width) and seed mass and seed density. The 51 genotypes of mung bean were sown in the last week of March, 2016 (hereafter will be referred to as at summer, 2016) and first week of August, 2016 (hereafter will be referred to as kharif, 2016). One hundred seeds were sown in two paired rows on a ridge. The experiment was conducted in randomized block design (RBD) with the given layout i.e., Plot size: 2 rows of 4m length and number of replications: 2. The seed physical parameters like seed size, 100 seed mass and density were recorded by the following methodologies.
Germination test
Seed germination test was conducted using Between Paper (BP) method as per ISTA rules, 2015. Four replications of 100 seeds from each hard seeded and non-hard seeded genotype were placed equidistantly on moist germination paper. The rolled towels were placed in seed germinator at 25 o C for 8 days. The first and final count was recorded at fifth and eighth day after putting, respectively. The germination of seeds and hard seed was recorded on the basis of number of normal seedlings and number of hard seeds only at final count and expressed in percentage. The seeds identified as hard seeds (those failed to imbibe any moisture) were collected and used afterwards for recording of other characteristics.
Seed traits (size, mass and density)
Twenty genotypes showing more than 22% hard seeds and 8 genotypes showing less than 5% hard seeds were used for measuring seed length and width taking 10 seeds from each genotype in three replications using a digital slide calliper. Seed weight was recorded in 100 seeds from each genotype in three replications using a precision balance.
Seed density was measured following Toluene (C 7 H 8 ) displacement method (Konak et al. 2002) . Twenty genotypes showing more than 22% hard seeds and 8 genotypes showing less than 5% hard seeds were taken and seed density was recorded taking 10 seeds from each genotype in three replications. The weight of 10 seeds was recorded. Toluene was used instead of water because it is absorbed by seeds to a lesser extent. At first the 10 seeds were dipped into a measuring cylinder which was previously filled with measured amount of toluene. Then the volume replaced by the seeds was collected by a micro-pipette and poured into an eppendorf. Then the amount of toluene was measured by a graduated syringe. The volume of toluene displaced was found by immersing a pre-weighted 10 seeds in the measured toluene. The true density is defined as the ratio between the mass of mung bean seeds and the true volume of the seeds.
It is calculated as follows:
Seed density= mass of 10 seeds/volume displaced by 10 seeds (g/cc)
Statistical analysis
The data recorded from laboratory experiments were analysed following appropriate statistical methods (Sukhatme and Panse, 1954) . Mean differences for the characteristics among the genotypes and correlation coefficients among the characteristics were estimated and tested using appropriate t-test. Phenotypic correlations among traits were calculated by the Pearson correlation method using the mean values of genotypes in each season/ environment. The components of variance were estimated using a random-effect model and broad-sense heritability (H 2 ) for each trait across the three environments was calculated as defined by Knapp et al. (1985) .
Results

Variation in hardseededness
The per cent hard seeds ranged from 3-52% with an average of 18.10% among the genotypes grown in kharif, 2015. Similarly, the genotypes showed 3-46% hard seeds with an average of 18.35% in kharif, 2016, and 2-11% with an average of 5.42% during summer, 2016 (Table 1 ). The frequency of genotypes based on number of hard seeds showed that 13, 17 and 16 genotypes at 0-10%, 11-20%, 21-30%, hard seeds, respectively. Only 4 genotypes (MH 521, IPM 205-4, PUSA 9531, EC 398891) and 1 genotype (TM 96/25) had 31-40%, 51-60% hard seeds, respectively. Therefore, 46 out of 51 genotypes studied showed lower than 30% hard seeds and only 4 showed more than 30% hard seeds in the genotypes grown in kharif, 2015 ( Fig. 1 ).
Among the genotypes grown in summer, 2016, 50 genotypes out of 51 genotypes studied showed less than 10% hard seeds and only 1 genotype (TM 96/25) with 11% hard seeds (Fig. 1) . Thus, there was a sharp reduction of number of hard seeds in the genotypes grown in summer season.
The frequency of genotypes (grown in kharif, 2016) belonging to different groups based on number of hard seeds showed that 14, 19 and 11 genotypes with 0-10%, 11-20% and 21-30% hard seeds, respectively. Only 4 (IPM 205-4, GANGA 8, PUSA 9072, IPM 02-15) and 3 genotypes ( IPM 02-16, TM 96/25, MH 521) showed 31-40% and 41-50% hard in mung bean genotypes (Table 2) .
Seed size, mass and density of genotypes grown in summer and kharif, 2016
The seed length of genotypes grown in summer, 2016 varied from 4.19 mm to 6.11 mm with an average of 5.09 mm. Similarly, seed width, 100 seed mass and density of genotypes varied from 2.64 mm to 4.16 mm, 3.05 to 5.5 g and 0.865 to 1.468 g/cc respectively and with an average of 3.51 mm, 4.4 g and 1.122 g/ cc. respectively. Seed length, seed width, 100 seed mass and density of 20 hard seeded genotypes were 4.99 mm, 3.43 mm, 4.14 g and 1.16 g/cc, respectively. The mean seed length, width, 100 seed mass and seed density (g/cc) of 8 non-hard seeded genotypes were 5.31 mm, 3.72 mm, 4.42 g and 1.01 g/cc, respectively (Table 2) . A comparison of the means of length, width, 100 seed mass and density between hard and non-hard seeded genotypes was done using t-test. The results indicated that the hard seeded and non hard seeded genotypes differed significantly only for seed density. However, the average seed length, width and seed mass of hard and non-hard seeded genotypes were statistically at par (Table 2) . Seed density recorded in the summer season in the genotypes showed a similar trend as those grown in kharif season. This indicates that seed density is a stable trait across the growing seasons.
The length of genotypes grown in kharif, 2016 varied from 3.52 to 5.48 mm with an average of 4.36 mm. Similarly seed width, 100 seed mass and density of genotypes varied from 2.8 to 3.91 mm, 2.5 to 4.22 g and 0.874 to 1.816 g/cc, respectively and with an average of 3.27 mm, 3.31 g and 1.381 g/cc, respectively ( Table 2 ). The mean seed length, width, 100 seed mass and seed density (g/cc) of 20 hard seeded genotypes were 4.17mm, 3.16 mm, 3.20 g and 1.50 g/cc, respectively. The mean seed length, width, 100 seed mass and seed density of 8 non hard seeded genotypes were 4.80 mm, 3.55 mm, 3.71 g and 1.031 g/cc, respectively (Table 2) . A comparison of the means of seed length, width, mass and density between hard and non-hard seeded genotypes was done using t-test. The results indicated that the hard seeded and non hard seeded genotypes differed significantly for the average seed length, seed width, seed mass and density (Table 2) . A similar result was obtained in the genotypes grown in kharif, 2015. This indicates that these genotypes are stable for hardseededness in a particular crop season. Based on the number of hard seeds in the genotypes 20 were identified having more the 22% hard seeds and 8 with less than 5% hard seeds for detailed studies and analysis. An analysis of these two categories of genotypes has shown that the length of seeds of genotypes grown in kharif, 2015 varied from 3.69 to 4.83 mm with an average of 4.16 mm. Similarly, the width, 100 seed mass and density of genotypes varied from 2.46 to 3.48 mm, 2.39 to 4.31 mm and 0.884 to 1.835 g/cc, respectively and with an average of 3.09 mm, 3.25 g and 1.396 g/cc, respectively. The mean seed length, seed width, 100 seed mass and density of 20 hard seeded genotypes were 4.04 mm, 3.06 mm, 3.18 g and 1.54g/cc, respectively. The mean seed length, width, 100 seed mass and seed density (g/cc) of 8 non-hard seeded genotypes were 4.33 mm, 3.16 mm, 3.61 g and 1.030 g/cc, respectively (Table 2) . A comparison of the means of length, width, 100 seed mass and density between hard and non-hard seeded genotypes was done using t-test. The results indicated that seed length, 100 seed mass and seed density were statistically significant among the hard and nonhard seeded genotypes. However, the average seed width of hard and non-hard seeded genotypes was statistically at par. Hard seeded genotypes showed significantly lower values for seed length and width and seed mass than those of non-hard seeded genotypes. However, the hard seeded genotypes showed significantly higher values for seed density as compared to that in non-hard seeded genotypes. Therefore, large seeds with low density hardened less Comparison of seed size, 100 seed mass and seed density of mung bean genotypes among the seasons A comparison between kharif, 2015 and summer, 2016 season and between summer 2016 and kharif, 2016 for seed physical characters namely, seed length, width mass, and density in small seeded genotypes indicate that there are significant differences in the characteristics due to the seasonal conditions (Table  3) . However, the results showed that the characteristics do not change significantly in the two (Table 3) . Result indicated that the differences in hard seed frequency for non-hard seeded genotypes were non-significant between any of the two seasons. However, between kharif, 2015 and summer 2016, the differences in seed length, seed width, and seed mass are statistically significant but seed density is not significant. Differences in seed length and width showed a significant difference but seed mass and seed density were not significant between two kharif seasons of 2015 and 2016 (Table 3) .
Correlation between hard seeds and seed physical characteristics and heritability
The hard seeds obtained in seed lots in genotypes grown in kharif, 2016 were studied to find a relationship with seed length and width, 100 seed mass and seed density. The analysis indicated that hardseededness is negatively correlated with seed length (r = -0.584 & -0.406) and positively correlated with seed density (r = 0.614 and 0.56) of the genotypes (Table 4) . However, occurrence of hard seeds in genotypes grown in summer season could not be related to these seed parameters. This relationship indicated that small and 
Discussion
Seed germination is one of the basic seed quality parameters in any field crop and vegetable variety. In seed germination testing of pulse crop species, fresh ungerminated seeds are obtained. These seeds are heavy seeds in genotypes grown in kharif seasons are more prone to high frequency of hard seeds. However, the other three characteristics did not show fairly a consistent difference in heritability estimates across the seasons.
Heritability
The broad sense heritability estimates for the hardseededness of the mung bean genotypes indicated that in the kharif season it ranged between 0.96 to 0.98 while in summer season it was 0.67 (Table referred to as hard seeds which germinate once sown in the field condition. Hard seeds remain impermeable to water, light and temperature in legumes (Donnelly et al. 1972; Ladizinsky 1985; Jha and Sinha 1989; Taylor and Palmer, 1979; Egley, 1989) . Hard seeds in mung bean have been reported (Humphry et al. 2005) . In field conditions hard seeds germinate for a longer duration that create weed problem, uneven flowering, seed development and maturity and poor cookability of grains (Youssef and Bikshuk 1984; Powrie et al. 1960) . However, this character has advantage in survival of the wild species under unfavourable climatic conditions. The present study was aimed to evaluate mung bean genotypes for the frequency of hard seeds in relation to growing seasons, its relationship with seed physical parameters and germination.
The study conducted with seeds of 51 genotypes grown in 3 seasons revealed that the hard seeds occurred upto 52% (Table 1 ). There were 21 and 18 varieties with more than 20% hard seeds grown in kharif, 2015 and 2016, respectively (Fig. 1) . In total 8 genotypes showed more than 20% hard seeds in both the years. These identified genotypes with higher per cent hard seeds may be used where pre-harvest sprouting is a problem due to occurrence of unfavourable climatic conditions at the time of harvesting. However, those genotypes could not show hardseededness beyond 10% when grown in summer season. These genotypes showed hardseededness to a similar extent in a particular season. The broad sense heritability estimate for expression of hard seeds among the genotypes indicated a very high value. Hence, hardseededness can be considered to be a genetic character. The seed density maintained a very high heritability values across the seasons also indicating it to be a genetically governed seed character. The genetic nature of hardseededness has been reported by Ladizinsky, 1985 in lentil. Singh et al. (2016 reported that hard seededness in mungbean in controlled by one or few dominant genes. On the other hand, the extent of hardseededness differed and reduced in a different growing season indicating that the character is influenced by the environmental factors. Similar observations were made in soybean (Arechana leta-Mechina and Synder 1981) and mung bean (Marwanto 2007; Jitender et al. 2017 ).
The temperature variables differed to a greater extent during flowering and maturity between the summer and kharif seasons. Average maximum temperature in these periods was 39- played a role in faster seed development. Climatic factors during seed maturity disrupt the physiological processes in seed coat development which leads to easy entry of water through seed coat. In our study, higher temperature during seed maturity promoted an early harvest thereby avoiding the seed hardening process, which ultimately resulted into lowered occurrence of hard seeds in summer season.
In the present study, the higher values in seed length, width and seed mass were observed in summer grown genotypes as against kharif season. On the other hand, seed density was lower in summer season. This indicates that bolder seed hardened low. This result was also supported by Hojjat et al. (2011) in lentil genotypes. Larger seeds might have more space between testa and endosperm that facilitate in keeping more bound water inside. At the same time, a low seed density favours higher free space inside the seed. In Pisum, the entry of water between testa and cotyledons has been found that determined the rate of imbibitions (Powell, 1988) . In the present study, hardseededness have been positively correlated with seed density when the seeds were produced in both the kharif seasons (Table 4) . However, no significant relationship could be established between 100 seed mass and hardseededness in any of the seasons. Therefore, it can be attributed that hard seeds are due to dense and small seeds that are produced in kharif season.
Hardening of the testa is a genetic character and highly influenced by the environmental factors (Ramsay, 1997) . Higher temperature, low relative humidity and water stress favour hard seeds (Argel and Paton, 1999; Hill et al. 1986 ). Seed size variation influence hard seed development in legumes. Decrease in seed size promotes hardseededness (Yaklich et al. 1986; Ragus 1987; Souza et al. 1996) . Imrie et al. (1987) found that smaller sized seeds contained more number of hard seeds as compared to bigger sized seeds in mung bean. Therefore, a large seed size in genotypes grown in summer season showing lower occurrence of hard seeds suggest that the summer season is the desired season for quality seed production of genotypes with higher percentage of hard seeds. The identified genotypes with lower hard seeds per cent can also be used in breeding programme for development of genotypes with low hard seed frequency.
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